PACKET TRANSMISSION SYSTEM AND PACKET RECEPTION SYSTEM 
BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a packet transmission system for 
5 transmitting a packet and a packet reception system for receiving a packet. 
More specifically, the present invention mainly relates to a packet 
transmission system for transmitting a wireless packet from a wireless LAN 
(Local Area Network) base station or the like and a packet reception system 
for receiving a wireless packet at the wireless base station or the like. 
10 Description of the Related Art: 

A transport layer in a wired LAN is given a TCP (Transmission 
Control Protocol) for a packet arrival check function and a retransmission 
function and a UDP (User Datagram Protocol) for a packet notification 
function only. A transport layer in a wireless LAN according to IEEE 
15 (Institute of Electrical and Electronics Engineers) 802. 11 is, by contrast, 
given a UDP for both the packet arrival check function and the 
retransmission in case of unicast packets. This is because the wireless 
LAN is higher in packet loss probability and lower in transmission 
reliability than the wired LAN, due to environmental factors such as radio 
20 wave noise and crossing of an obstruction. However, even the wireless 

LAN is not given the packet arrival check function and the retransmission 
function in case of simultaneous packets such as multicast packets and 
broadcast packets. 

To deal with the fact that even the wireless LAN is not given the 
25 packet arrival check function and the retransmission function in case of 
simultaneous packets such as multicast packets and broadcast packets, 
individual retransmission procedures can be established as disclosed in 
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Japanese Patent Application Laid-open publication No. 2001-119751 and 
Japanese Patent Application Laid-open publication No. 2001-103557. 
However, in case of simultaneous packets based on a VoIP (Voice-over 
Internet Protocol) using RTP (Real-Time Transport Protocol), a delay in 
5 packet arrival causes degradation of communication quality. 

Wireless LAN simultaneous packets are transmitted at a timing 
right after the transmission of beacons from a base station to a wireless 
zone at certain intervals. Normally, the beacons are transmitted at 
intervals of about 100 milliseconds. It is known that if the beacon 

10 transmission interval is made short, transmission efficiency is deteriorated 
or the packets cannot be transmitted because of the overhead of beacons. 
Accordingly, it sometimes is at most about 100 milliseconds since a bridge 
section at the base station starts transmission control until a packet is 
actually transmitted to the wireless zone. As a result, in a case where an 

15 arrival check packet is not returned in the next interval, it is at least about 
100 milliseconds and at most 200 milliseconds since the bridge section at the 
base station starts transmission control until a retransmission packet is 
unicasted, and it is at least about 200 milliseconds and at most 300 
milliseconds since the bridge section at the base station starts transmission 

20 control until a simultaneous packet is retransmitted. If such a 

transmission delay occurs and the higher level packet to be transmitted is, 
for example, a voice RTP packet, then a jitter and a noise such a sound skip 
may possibly occur on the reception terminal side. 



25 SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide a 
simultaneous packet transmission system and a simultaneous packet 
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reception system which enable a reception side to receive a normal 
simultaneous packet without the need for the reception side to transmit a 
simultaneous packet retransmission request even if part of simultaneous 
packets are discarded. 
5 According to a first aspect of the present invention, there is provided 

a packet transmission system comprising: packet identification information 
addition means for adding packet identification information to a packet to 
be transmitted; and transmission means for transmitting said packet 
allocated said packet identification information a plurality of times even if 
10 the packet transmission system does not receive a retransmission request 
from a reception side. 

The packet transmission system may further comprise^ compression 
means for deleting a header of a third OSI layer and a header of a fourth 
OSI layer of the packet to be transmitted, and making data of a fifth OSI 
15 layer carried on a second OSI layer before adding the packet identification 
information to the packet to be transmitted. 

In the packet transmission system, said packet may be any 
one of a multicast packet and a broadcast packet. 

In the packet transmission system, said transmission means 
20 may transmit said packet allocated said packet identification information 
and a redundant packet which is a duplicate of said packet allocated said 
packet identification information. 

In the packet transmission system, said packet identification 
information addition means may add one said packet identification 
25 information to each of a plurality of packets to be transmitted. 

The packet transmission system may further comprise - reception 
means for receiving information on a simultaneous packet loss frequency at 
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the reception side per certain period, wherein said transmission means may 
change a transmission parameter based on said information on the 
simultaneous packet loss frequency. 

In the packet transmission system, said transmission means 
5 may transmit said packet allocated said packet identification information, 
with a MAC (Media Access Control) address common to a plurality of 
reception devices set as a destination address. 

The packet transmission system may further comprise: 
means for retransmitting said packet if the packet transmission system does 
10 not receive an acknowledgement of transmission of said packet. 

The packet transmission system may further comprise : 
determination means for determining whether information equal in type to 
the packet identification information to be added by the packet 
identification information addition means is already added to said packet to 
15 be transmitted, wherein, if a determination result of said determination 
means is positive, said packet to be transmitted may be transmitted while 
bypassing said packet identification information addition means and said 
transmission means. 

According to a second aspect of the present invention, there is 
20 provided a wireless LAN base station comprising the packet transmission 
system. 

According to a third aspect of the present invention, there is 
provided a conference server comprising the packet transmission system. 

According to a fourth aspect of the present invention, there is 
25 provided a packet reception system comprising: reception means capable of 
receiving same packets allocated packet identification information once or a 
plurality of times without a retransmission request; determination means 
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for determining whether the reception means receives the same packets 
allocated said packet identification information the plurality of times or not; 
and discard means for leaving only one of the same packets and discarding 
the other packets if a determination result of said determination means is 
5 positive. 

In the packet reception system, each of said packets received may 
have a structure in which data of a fifth OSI layer is directly carried on a 
second OSI layer, and the packet reception system may further comprise 
restoration means for restoring a header of a third OSI layer and a header 
10 of a fourth OSI layer of each of said packets received. 

In the packet reception system, each of said packets may be any one 
of a multicast packet and a broadcast packet. 

In the packet reception system, each of said packets may include a 
plurality of higher level packets. 
15 The packet reception system may further comprise* counting means 

for counting a simultaneous packet loss frequency per certain period; and 
transmission means for transmitting information on said simultaneous 
packet loss frequency. 

The packet reception system may further comprise : holding means 
20 for holding a MAC address which is common to a plurality of reception 

devices, wherein said reception means may receive said packets having said 
MAC address as a destination MAC address. 

The packet reception system may further comprise: response 
means for transmitting an acknowledgment to a sender when said packets 

25 are received. 

According to a fifth aspect of the present invention, there is provided 
a packet transmission and reception system comprising-' the packet 
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reception system; detection means for detecting whether said reception 
means have received the same packets at least once or have not receive the 
same packets at all; and means for causing a plurality of higher level 
packets to be included in a packet to be transmitted based on a frequency 
5 with which said reception means have not receive the same packets at all. 

According to a sixth aspect of the present invention, there is 
provided a wireless LAN terminal comprising the packet reception system. 

According to a seventh aspect of the present invention, there is 
provided a wired LAN terminal comprising the packet reception system. 
10 According to a eighth aspect of the present invention, there is 

provided a wireless LAN terminal comprising the packet transmission and 
reception system. 

According to a ninth aspect of the present invention, there is 
provided a wired LAN terminal comprising the packet transmission 
15 reception system. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a first block diagram illustrating the configurations of a 
higher network, a wireless LAN base station, and a wireless LAN terminal 
20 in a first embodiment of the present invention; 

Fig. 2 is a sequence diagram illustrating a packet transmission 
sequence among the higher network, the wireless LAN, base station and the 
wireless LAN terminal in the first embodiment of the invention; 

Fig. 3 is a flow chart illustrating processings performed by respective 
25 constituent elements of the wireless LAN terminal in the first embodiment 
of the invention; 

Fig. 4 is a format diagram illustrating the formats of packets 
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transmitted by the wireless LAN terminal in the first embodiment of the 
invention; 

Fig. 5 is a sequence diagram illustrating messages exchanged 
between the wireless LAN base station and the wireless LAN terminal when 
5 a new wireless LAN terminal is added in a second embodiment of the 
invention; 

Fig. 6 is a second block diagram illustrating the configurations of a 
higher network, a wireless LAN base station, and a wireless LAN terminal 
in a third embodiment of the invention; 
10 Fig. 7 is a format diagram illustrating the first format of a packet 

transmitted by the wireless LAN terminal in the third embodiment of the 
invention; 

Fig. 8 is a format diagram illustrating the second format of a packet 
transmitted by a wireless LAN terminal in a fourth embodiment of the 
15 invention; 

Fig. 9 is a conceptual view illustrating pseudo-unicast in a fifth 
embodiment of the invention; 

Fig. 10 is a block diagram illustrating the configuration of a 
conference system in a sixth embodiment of the invention; 
20 Fig. 11 is a flow chart illustrating the operation of a wireless LAN 

base station in the sixth embodiment of the invention; 

Fig. 12 is a conceptual view illustrating a wireless LAN system and 
a wired network equipment connected to the wireless LAN system in a 
seventh embodiment of the present invention; 
25 Fig. 13 is a conceptual view illustrating a transmission path in the 

seventh embodiment of the invention," 

Fig. 14 is a block diagram illustrating the configuration of an access 
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point device in the seventh embodiment of the invention; 

Fig. 15 is a block diagram illustrating the configuration of a wireless 
terminal in the seventh embodiment of the invention; 

Fig. 16 is a sequence diagram for explaining operations in the 
5 seventh embodiment of the invention; 

Fig. 17 is a format diagram illustrating the formats of packets in the 
seventh embodiment of the invention; 

Fig. 18 is a sequence diagram for explaining operations in a eighth 
embodiment of the present invention; 
10 Fig. 19 is a format diagram illustrating the formats of packets in the 

eighth embodiment of the invention! 

Fig. 20 is a conceptual view illustrating a transmission path in a 
ninth embodiment of the invention; 

Fig. 21 is a sequence diagram for explaining operations in the ninth 
15 embodiment of the invention; 

Fig. 22 is a format diagram illustrating the formats of packets in the 
ninth embodiment of the invention; 

Fig. 23 is a conceptual view illustrating a transmission path in a 
tenth embodiment of the invention; 
20 Fig. 24 is a block diagram illustrating the configuration of a wireless 

terminal in the tenth embodiment of the invention; 

Fig. 25 is a block diagram illustrating the configuration of an access 
point device in the tenth embodiment of the invention; 

Fig. 26 is a sequence diagram for explaining operations in the tenth 
25 embodiment of the invention; and 

Fig. 27 is a format diagram illustrating the formats of packets in the 
tenth embodiment of the invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of the present invention are intended to compensate 
for the loss of a simultaneous packet and improve communication quality in 
5 multicast or broadcast communication in a wireless LAN, particularly 

VoIP-based communication from a wireless LAN base station (hereinafter, 
"base station") to a wireless LAN terminal (hereinafter, "terminal") by using 
a redundant packet. 

The base station allocates packet identification information to a 
10 simultaneous packet, and transmits the packet identification 

information-allocated simultaneous packet and a redundant packet equal to 
the simultaneous packet in packet identification information and content. 
The redundant packet may be transmitted plural times. The terminal has 
a module that interprets the packet identification information of a received 
15 simultaneous packet. If the terminal receives a simultaneous packet equal 
in packet identification information to the packet that the terminal received 
just before the simultaneous packet, the terminal discards the currently 
received simultaneous packet. The terminal, therefore, accepts only a 
simultaneous packet allocated updated packet identification information. 
20 As the packet identification information, a sequence number, for 

example, is used. As the sequence number, a number increasing one by one 
to modulus another certain number (e.g., 256) is used for each packet. 
Although other than sequence number such as a gray code may be used as 
packet identification information, the embodiments will be described 
25 hereinafter on the assumption that the packet identification information is a 
sequence number. 
[FIRST EMBODIMENT] 
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Referring to Fig. 1, a wireless LAN system in the first embodiment 
includes a base station 100 and terminals 200 to 20X. 

The base station 100 includes a wireless zone transmission packet 
sorting section 130, and a redundant packet addition section 140. The 
5 wireless zone transmission packet sorting section 130 determines, if a 
packet acquired from a higher network 10 through a transmission and 
reception section 110 and a bridge section 120 or a packet acquired from a 
wireless zone through a wireless transmission and reception section 160 and 
the bridge section 120 is transmitted to the terminal 200 (or a plurality of 
10 terminals 200 to 20x), whether to transmit the packet in a simultaneous 
packet form by multicast or broadcast or in a unicast form. If the sorting 
section 130 has determined that the packet should be transmitted in the 
simultaneous packet form, then the redundant packet addition section 140 
acquires a new sequence number obtained by increasing the sequence 
15 number stored in a transmission sequence number storage section 150, and 
transmits both a simultaneous packet including the new sequence number 
as well as a LAN packet or a higher level packet and a redundant packet 
which is a duplicate of the simultaneous packet to the wireless zone through 
the wireless transmission and reception section 160. 
20 Each of the terminals 200 to 20X includes a received packet sorting 

section 220 and a redundant packet processing section 230. The received 
packet sorting section 220 identifies whether the packet received from the 
wireless transmission and reception section 210 is allocated a sequence 
number. The redundant packet processing section 230 compares the 
25 sequence number with a sequence number stored in a received sequence 
number storage section 240, and discards the received packet if they are 
equal, or supplies the LAN packet or higher level packet included in the 



received packet if the sequence number is a new sequence number to an 
application 250. 

Fig. 2 illustrates that the base station 100 relays the transmission of 
the simultaneous packet from the higher network 10 to the terminal 200. 

5 First, the base station 100 which receives a LAN packet 300 from 

the higher network 10 transmits a simultaneous packet 301 and a 
redundant packet 302 which is a duplicate of the simultaneous packet 301 
to a wireless zone. In this step, since it is assumed that no transmission 
error occurs, both the simultaneous packet 301 and the redundant packet 

10 302 arrive at the terminal 200. The redundant packet processing section 
230 determines that the sequence number of the simultaneous packet 301 is 
new, and notifies the application 250 of the LAN packet or higher level 
packet 303 included in the simultaneous packet 301. The terminal 200 
receives the redundant packet 302 next. The terminal 200 determines that 

15 the sequence number of the redundant packet 302 is equal to that of the 
previously received simultaneous packet 301 and discards the received 
redundant packet 302. 

Next, the base station 100 which receives a LAN packet 310 from the 
higher network 10 transmits a simultaneous packet 311 and a redundant 

20 packet 312 which is a duplicate of the simultaneous packet 311 to the 

wireless zone. In this step, it is assumed that a transmission error occurs 
to the redundant packet 312 and only the simultaneous packet 311 arrives 
at the terminal 200. The redundant packet processing section 230 
recognizes only the simultaneous packet, and notifies the application 250 of 

25 a LAN packet or higher level packet 313 included in the simultaneous 
packet 311. 

Next, the base station 100 which receives a LAN packet 320 from the 
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higher network 10 transmits a simultaneous packet 321 and a redundant 
packet 322 which is a duplicate of the simultaneous packet 322 to the 
wireless zone. In this step, it is assumed that a transmission error occurs 
to the simultaneous packet 321 and only the redundant packet 322 arrives 
5 at the terminal 200. The redundant packet processing section 230 

recognizes only the redundant packet 322, and notifies the application 250 
of a LAN packet or higher level packet 323 included in the redundant packet 
322. 

Fig. 3 illustrates the processing flows of the received packet sorting 

10 section 220 and the redundant packet processing section 230 in each of the 
terminals 200 to 20X. The received packet sorting section 220 determines 
whether the received packet is a simultaneous packet at a step 221, and 
determines whether the simultaneous packet is allocated a sequence 
number at a step 222. If the determination results at the steps 221 and 

15 222 are both positive, the received packet sorting section 220 hands over its 
processing to the redundant packet processing section 230. The redundant 
packet processing section 230 compares the sequence number stored in the 
received sequence number storage section 240 with the sequence number of 
the simultaneous packet, thereby determining whether the sequence 

20 number of the received simultaneous packet is new at a step 231. The 

redundant packet processing section 230 discards the packet allocated the 
sequence number equal to that stored in the storage section 240 ("NO" at 
the step 231, and a step 234), and accepts only the packet allocated a new 
sequence number. At a step 232, the redundant packet processing section 

25 230 overwrites the sequence number on the received sequence number 

storage section 240. At a step 233, the redundant packet processing section 
230 restores a LAN packet included in the received simultaneous packet or 
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a LAN packet including a higher level packet and transfers the restored 
LAN packet to the application 250. If the received packet is not a 
simultaneous packet or if the received packet is a simultaneous packet and 
is not allocated a sequence number, then the redundant packet processing 
5 section 230 transfers the received packet to the application as it is (at a step 
223). 

Packets denoted by reference symbols 410, 420, and 430 shown in 
Fig. 4 are concrete examples of simultaneous packets allocated sequence 
numbers. 

10 A LAN packet 400 is, for example, an ordinary packet transmitted 

from the higher network 10 to the base station 100. The LAN packet 400 
consists of a LAN header 401, a higher level packet (a payload of the LAN 
packet 400) 402, and an FCS (Frame Check Sequence) 403. The LAN 
packet 400 itself may be either a simultaneous packet or a unicast packet. 

15 The LAN packet 400 is in the second layer of OSI whereas the 

higher level packet is in the third or higher layer of OSI. 

The simultaneous packet 410 is the simplest example of adding a 
sequence number 414 to the LAN packet 400. The sequence number 414 
and the LAN packet 400 are encapsulated in the simultaneous packet 410. 

20 A Cargo type 412 indicates that the encapsulated data is a sequence number 
and a Cargo size 413 represents the data length of the encapsulated 
sequence number. A cargo type 415 indicates that the encapsulated 
information is a LAN packet and a Cargo size 416 represents the data 
length of the encapsulated LAN packet. 

25 A simultaneous header 411 is a header to which a simultaneous bit 

is set and in which a group MAC address is described. 

The simultaneous packet 420 is an example of compressing the 
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simultaneous packet 410 by deleting the LAN header 401 and the FCS 403. 
Cargo types 412 and 421 indicate that pieces of encapsulated data are the 
sequence number 414 and the higher level packet (or payload) 402 of the 
LAN packet, respectively. Cargo sizes 413 and 422 represent data lengths 
of the sequence number 414 and the higher level packet 402, respectively. 

The simultaneous packet 430 is an example of encapsulating a 
plurality of higher level packets that are transmitted from the higher 
network 10 to the base station 100 in a unicast form into one simultaneous 
packet. If a plurality of terminals are present, a plurality of higher level 
packets in the unicast form to be addressed to the respective terminals are 
encapsulated into one simultaneous packet 430, so that the higher level 
packets can be transmitted to the respective terminals using one 
simultaneous packet 430. That is, higher level packets 402 and 433 are 
addressed to different terminals. The base station 100 encapsulates the 
higher level packets addressed to the different terminals into one 
simultaneous packet and multicasts the simultaneous packet 430 to the 
terminals. Each of the respective terminals extracts only the higher level 
packet addressed thereto among those included in the simultaneous packet 
430. This will be described later in seventh to tenth embodiments. 
[SECOND EMBODIMENT] 

The second embodiment shown in Fig. 5 illustrates an example of 
the negotiation between a base station and each terminal on the assumption 
that a terminal which is not compatible with the wireless LAN system of the 
present invention is mixed into the system. If the base station 100 
recognizes connection with a new terminal 200, the base station 100 records 
information (a MAC address and the like) on the terminal 200 in a 
forwarding table 500 first to enable holding a communication with the new 
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terminal 200, and then registers that the terminal 200 is "incompatible" 
with this LAN system in a terminal type table 510. The base station 100 
then transmits a terminal type request 520 to the terminal 200. The 
terminal type request 520 may take, for example, a form dedicated to a 
5 terminal compatible with this system in which data unique to the present 
invention is set to a SNAP (Sub Network Access ProtocoD. When 
recognizing the terminal type request 520, the terminal 200 transmits to the 
base station 100 a response 530 to the terminal type request 520 in order to 
inform that the terminal 200 is compatible with the system. The base 
10 station 100 which receives the response 530 determines that the terminal 
200 is compatible with this system and updates the content of the terminal 
type table 510 from "incompatible" to "compatible", and determines that 
later packets addressed to the terminal 200 may be encapsulated into the 
simultaneous packet 430 allocated the sequence number. Representative 
15 terminal designation 540 is an example of further notifying the terminal 
compatible with this system of additional information, which will be 
described later with reference to Fig. 9. 

If a packet in the unicast form to be addressed to the terminal 
compatible with this system is transmitted from the higher network 10 to 
20 the base station 100, the base station 100 generates a simultaneous packet 
430 (see Fig. 4) which includes packets in the unicast form to be addressed 
to different terminals compatible with this system, and simultaneously 
transmits the simultaneous packet 430 to the different terminals compatible 
with this system. The respective terminals extract only the packets 
25 addressed thereto from the simultaneous packet. The terminal 

incompatible with this system cannot extract only the packet addressed 
thereto from such a simultaneous packet. Due to this, if the packet in the 
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unicast form to be addressed to the terminal incompatible with this system 
is transmitted from the higher network 10 to the base station 100, the base 
station 100 unicasts the packet to the terminal. Accordingly, it is necessary 
to determine whether packets which are unicast to the respective terminals 
5 if obeying the related art can be multicast according to the present invention 
for each terminal and, therefore, it is necessary to recognize whether each 
terminal is compatible with this system as stated above. 
[THIRD EMBODIMENT] 

The third embodiment shown in Fig. 6 provides an example of a 
10 method for switching over broadcast section according to a wireless band 
since the number of packets increases due to the presence of redundant 
packets and the increase packets cause congestion in the wireless band. 
The redundant packet addition section 140 of the base station 100 adds 
periodically increased sequence number to a simultaneous packet and a 
15 redundant packet, whenever the simultaneous packet is transmitted. The 
redundant packet processing section 230 of the terminal 200 determines 
whether the received packet is a new packet while referring to the received 
sequence number storage section 240. If the received packet is a new 
packet but the sequence number of the packet is not continuous to any 
20 sequence numbers of the packets received so far, the redundant packet 

processing section 240 recognizes that both the simultaneous packet and the 
redundant packet are completely lost. The redundant packet processing 
section 230 which recognizes the complete packet loss issues an instruction 
to suppress the transmission of packets to the transmission packet 
25 accumulation section 260 and the transmission packet composition section 
270 if a packet loss frequency exceeds a predetermined frequency. In 
response to the instruction, the transmission packet accumulation section 
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260 starts causing the transmission LAN packets to stay for certain time. 
The transmission packet composition section 270 composes the transmitted 
LAN packets that have stayed for certain time into one or a few unicast 
packets as shown in Fig. 7, and transmits the composite unicast packet to 
the base station 100 through the wireless transmission and reception 
section 210. At the base station 100, the wireless transmission and 
reception section 160 passes the received packet to the received packet 
sorting section 170. The received packet sorting section 170 determines 
whether the received packet is a composite unicast packet or not. If the 
sorting section 170 determines that the received packet is a composite 
unicast packet, the composite packet restoration section 180 restores the 
composite packet to original IAN packets and passes the restored IAN 
packets to the bridge section 120. By doing so, traffic between the terminal 
and the base station is decreased and packet loss is decreased after the 
complete packet loss due to the congestion of the wireless band was caused. 
Namely, an upstream wireless communication (a wireless communication in 
a direction from the terminal to the base station) and a downstream 
wireless communication (a wireless communication in a direction from the 
base station to the terminal) share the same wireless channels. Therefore, 
by decreasing the traffic of the upstream communication, the congestion of 
the downstream communication is alleviated. 
[FOURTH EMBODIMENT] 

In the fourth embodiment shown in Fig. 8, the preceding 
embodiments are improved and each of the terminals 200 to 20X notifies the 
base station 100 of a packet loss occurrence frequency. Fig. 8 illustrates an 
example of a composite unicast packet 600 transmitted from the terminal 
200 or the like to the base station 100. A Cargo type 602 indicates that a 
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simultaneous packet loss frequency 604 is included in the composite unicast 
packet. A Cargo size 603 represents the size of the simultaneous packet 
loss frequency 604. The simultaneous packet loss frequency 604 is the 
number of lost sequence numbers of simultaneous packets received within a 
5 certain period while the terminal was causing transmission packets to stay. 
When counting the number of the lost sequence numbers, both of or one of 
the number of complete packet losses and the number of one-packet losses is 
counted. For example, if one redundant packet is added to one 
simultaneous packet at the base station, the simultaneous packet loss 
10 frequency may be calculated as given by the following equation (l). 
Broadcast loss frequency 
= one-sequence number loss frequency 
+ (2 x complete sequence number loss frequency) ...(l). 
In the equation (l), "one-sequence number loss frequency" is the 
15 number of times when only one of the simultaneous packet and the 

redundant packet is lost, and "complete sequence number loss frequency" is 
the number of times when both the simultaneous packet and the redundant 
packet are lost. 

The base station which recognizes the simultaneous packet loss 
20 frequency may have the following handling functions. If there is a spare 
wireless band, then the base station increases "the number of redundant 
packets per simultaneous packet" (an example of "transmission parameter") . 
If there is not a spare wireless band, then the base station causes the 
simultaneous packet to stay and increases the composition rate of the 
25 composite unicast packet denoted by reference numeral 600 in Fig. 8 (the 

number of higher level packets per composite unicast packet) (an example of 
"transmission parameter"), sets "the number of redundant packets" (an 
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example of "transmission parameter") at zero, sets "the number of composite 
unicast packets) (in case of "transmission parameter") at zero (discards the 
composite unicast packets), or does the other things. 

It is noted that the composite unicast packet 600 includes a unicast 
5 header 601, Cargo types 610 and 6N0, Cargo sizes 611 and 6N1, and higher 
level packets 612 and 6N2 besides the Cargo type 602, the Cargo size 603, 
and the simultaneous packet loss frequency data 604. 
[FIFTH EMBODIMENT] 

In the fifth embodiment shown in Fig. 9, the LAN system performs 
10 simultaneous packet transmission using pseudo-unicast so that a prompt 
retransmission processing is ensured even if all packets having the same 
sequence number are lost. 

That is, similarly to ordinary unicast, the terminal transmits an 
acknowledgement (ACK) to the base station if the pseudo-unicast in this 
15 embodiment is used and the terminal normally receives a packet. Due to 
this, if no acknowledgment is transmitted to the base station from the 
terminal, the base station can promptly start a retransmission processing. 
This cannot be realized by multicast. Further, even if the multicast is used 
for packet transmission, the base station can recognize a packet loss at 
20 higher application level and perform a retransmission processing. However, 
it takes long delay time in the retransmission processing at the higher 
application level using the multicast, whereas delay time generated in the 
retransmission processing using the pseudo-unicast is shorter. 

The base station 100 notifies each of the terminals 200 to 20X 
25 compatible with this LAN system of a broadcasting virtual MAC address to 
be allocated thereto by a dedicated Cargo provided in the terminal type 
request 520 (see Fig. 5) in the negotiation with the terminal. Furthermore, 
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the base station 100 defines a representative terminal for broadcasting by 
the representative terminal designation 540 (see Fig. 5). Only one 
representative terminal is designated by, for example, a method for 
designating a terminal connected to the base station 100 at the earliest time, 
a terminal having the lowest MAC address, or the like. Since the 
representative terminal sometimes changes partway, each terminal is set 
whether the terminal is a representative terminal or not during the 
reception of the simultaneous packet. 

The virtual MAC address is notified in a multicast form. The 
simultaneous packet transmitted in the multicast form includes not only the 
virtual MAC address but also the representative terminal designation 
(designation based on the MAC address of the terminal or the like). 
Therefore, each terminal which receives the simultaneous packet is able to 
know whether the terminal is a representative terminal. Every terminal to 
which the virtual MAC address is multicast, holds the virtual MAC address, 
so that the terminal is able to receive not only a unicast packet addressed to 
an ordinary MAC address but also a unicast packet having a virtual MAC 
address as a destination MAC address. 

When the base station 100 is to transmit the simultaneous packet to 
each of the terminals 200 to 20X compatible with this LAN system, the base 
station 100 transmits the simultaneous packet as a pseudo- unicast having a 
virtual MAC address 700 designated during the negotiation as a destination 
MAC address. Each of the terminals 200 to 20X receives the packet 
addressed to the virtual MAC address 700 even if the packet is a unicast 
packet. The representative terminal 200 which receives the packet 
addressed to the virtual MAC address 700 pretends to be a terminal having 
the virtual MAC address 700 and transmits an acknowledgment (ACK) to 
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the base station 100. If the acknowledgment (ACK) is not transmitted to 
the base station 100, the base station 100 retransmits the packet to the 
terminal similarly to ordinary unicast. Taking into considering that the 
representative terminal 200 may have been apart from the wireless cells of 
5 the base station 100, the representative terminal designation may be sent 
prior to the retransmission in order to designate another terminal as the 
representative terminal. 

If the pseudo-unicast using the virtual MAC address is not 
performed, a group MAC address is used as a destination MAC address and 
10 a multicast flag is set in a header in a multicast packet. 
[SIXTH EMBODIMENT] 

In the sixth embodiment shown in Fig. 10, the redundant packet is 
added not at the base station 100 but in the network higher than the base 
station. A conference server 900 is a device which realizes a conference 
15 conversation between remote terminals using the RTP for voice or moving 
images. In the conference server 900, conference room modules 901, 902, 
. . . , and 90N organize respective conferences. The terminals 200 to 20X are 
wireless LAN terminals participating in the conference organized by the 
conference room module 90N through the base station 100. Terminals 800 
20 to 80Y are wired LAN terminals participating in the conference organized 
by the conference room module 90N through wires. It is assumed herein 
that the LAN terminals 200 to 20X and 800 to 80Y are terminals compatible 
with the LAN system shown in Figs. 10 and 11. Although each of the wired 
LAN terminals 800 to 80Y does not communicate with the base station 100 
25 and does not, therefore, receive sequence number-allocated simultaneous 
and redundant packets transmitted from the base station 100, the terminal 
receives sequence number-allocated simultaneous and redundant packets 
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transmitted from the conference server 900. Accordingly, each of the wired 
LAN terminal 800 to 80Y includes the received packet sorting section 220, 
the redundant packet processing section 230, and the received sequence 
number storage section 240 shown in Fig. 1, and executes the method shown 
5 in Fig. 3. Terminals 830 to 83Z are terminals participating in the 

conference organized by the conference room module 90N through a router 
810 and may not be compatible with the present LAN system. The 
conference server 900 hands over an RTP packet received through a 
transmission and reception section 910 to one of the conference modules 
10 using an RTP packet conference room sorting section 920. In this 

embodiment, the conference server 900 hands over the RTP packet to the 
conference room module 90N. The conference room module 90N 
temporarily stores the RTP packet thus handed over in an RTP packet 
accumulation section 91N before handing over the RTP packet to an RTP 
15 packet sorting section 92N. The RTP packet sorting section 92N hands 
over unicast RTP packets to be transmitted to the external network 
terminals 830 to 83Z not only to a router 810 but also to the redundant 
packet addition section 93N so as to transmit the unicast RTP packetsnot 
only to the external network terminals 830 to 83Z but also to the terminals 
20 200 to 20X and 800 to 80Y. The redundant packet addition section 93N 
encapsulates the RTP packet thus handed over into a sequence 
number- allocated composite multicast packet (packet as shown in reference 
numeral 430 in Fig. 4), copies the composite multicast packet to a redundant 
packet, and broadcasts the composite multicast packet and the redundant 
25 packet to the LAN terminals (200 to 20X and 800 to 80Y) participating in 
the conference. 

Referring next to Fig. 11, if the base station 100 which receives the 
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sequence number-allocated composite multicast packet determines that the 
packet to be bridged is a sequence number-allocated multicast packet by the 
wireless zone transmission packet sorting section 130 ("YES" at a step 131), 
the base station transmits the composite multicast packet to the wireless 
zone as it is without handing over the packet to the redundant packet 
addition section 140. 

If the determination result at the step 131 is "NO", the base station 
100 determines whether the packet is a composite multicast packet to the 
wireless zone. If determining that the packet is a composite multicast 
packet to the wireless zone, the base station 100 transmits the simultaneous 
packet and the redundant packet each allocated an updated sequence 
number to the wireless zone at steps 141 to 144. If determining that the 
packet is not a composite multicast packet to the wireless zone, the base 
station 100 transmits the packets thereto as usual. 

In this mechanism, the conference server 900 and the base station 
100 may use different types of sequence numbers so as to be able to identify 
the sequence number added by the conference server 900 and that added by 
the base station 100, respectively. For example, the sequence number 
added by the conference server 900 is set at a number cyclically added up 
from 00H to FFH and that added by the base station 100 is set at a number 
cyclically added up from 100H to 1FFH. In this case, a received sequence 
number storage section 240 for each sequence number system is provided in 
the received sequence number storage section of each of the terminals 200 to 
20X. 

[SEVENTH EMBODIMENT] 

In seventh to tenth embodiments, a codec signal is directly inserted 
into a payload of an Ethernet ® frame without interposition of an IP packet 
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and a UDP packet in the communication between an access point device and 
each wireless LAN terminal. The access point device in the seventh to 
tenth embodiments correspond to the base station in the first to sixth 
embodiments, respectively, and the wireless terminals in the seventh to 
5 tenth embodiments correspond to the terminals in the first to sixth 
embodiments, respectively. 

By applying the seventh to tenth embodiments to the first to tenth 
embodiments, a higher level packet 402 shown in Fig. 4 is provided as a 
compressed Ethernet ® frame 1605 shown in Fig. 17. In addition, the 
10 higher level packets 402 and 433 shown in Fig. 4 are provided as codec 
signals in the compressed Ethernet ® frame 1615 shown in Fig. 19, 
respectively. 

Fig. 12 illustrates a wireless LAN system in the seventh 
embodiment according to the present invention and a wired network 

15 equipment connected to the wireless LAN system. 

Referring to Fig. 12, this wireless LAN system includes wireless 
terminals 1101-1 to 11014 and an access point device 1104. The access 
point device 1104 is connected to the wireless terminals 1101-1 to 1101-4 
through a wireless LAN according to the standard of IEEE802.11a, 

20 IEEE802.11b or the like. Each wireless terminal 1101-i (where i = 1 to 4, 
which applies hereafter) includes a personal computer 1102-i and a wireless 
LAN card 1103-i connected to the personal computer 1102-i. The wired 
network equipment 1105 is connected to the access point device 1104 
through a wired LAN. Each of the wireless terminals 1101-1 to 1101-4 and 

25 the wired network equipment 1105 has a codec mounted thereon, and the 
wired network equipment 1105 holds communication with the wireless 
terminals 1101-1 to 1101-4 for both of or one of video signals and voice 
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signals (hereinafter, "codec signal") according to a protocol such as the RTP. 
Although not shown in the drawings, the wireless terminals communicate 
with different wired network equipment. The RTP is a protocol defined by 
RFC3267 and used for the communication of real-time data including voice 
5 and video signals. The RTP is utilized for an interactive service such as a 
media-on-demand or an Internet telephone. Further, the application of the 
invention is not limited to the RTP but the invention may be applied to 
other streaming-related protocols such as ST2, RTSP, MFTP and PMP and 
file communication protocols. 
10 Next, an example in which one wireless terminal 1101-1 receives a 

codec signal from the wired network equipment 1105 through the access 
point device 1104 as shown in Fig. 13 will be described. 

Fig. 14 is a conceptual view illustrating the important sections of the 
access point device 1104 related to the seventh embodiment. Referring to 
15 Fig. 14, the access point device 1104 includes a wired network interface 
section 1201, a compression section 1202, a control section 1203, and a 
wireless network interface section 1204. The wired network interface 
section 1201 receives an Ethernet ® frame (which encapsulates a codec 
signal thereinto with interposition of an IP packet and a UDP packet) from 
20 the wired network equipment 1105. The header compression section 1202 
deletes an IP header and a UDP header from an ordinary Ethernet ® frame 
which includes the IP address (in the IP header) designated by a 
compression request, a protocol number (in the IP header), and a port 
number (in the UDP header), as will be described later, so as to directly 
25 encapsulate the codec signal into the Ethernet frame ® without 

interposition of the IP packet and the UDP packet, thereby making the 
Ethernet frame ® shorter. Namely, the header compression section 1202 
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makes the fifth layer of OSI carried directly on the second layer of OSI. 
The operation of deleting the IP header and the UDP header from the 
Ethernet ® frame which includes therein a codec signal so as to directly 
encapsulate the codec signal into the Ethernet frame ® without 
5 interposition of the IP packet and the UDP packet will be referred to as 
"Ethernet ® frame compression", and the Ethernet ® frame into which the 
codec signal is directly encapsulated without interposition of the IP packet 
and the UDP packet will be referred to as "compressed Ethernet ® frame" 
hereinafter. The control section 1203 controls the start of the Ethernet ® 
10 frame compression performed by the compression section 1202 based on a 
request from the wireless terminal 1101-1, and controls the end of the 
Ethernet ® frame compression based on the content of the received 
Ethernet ® frame. The wireless network interface section 1204 transmits 
the compressed Ethernet ® frame which encapsulates the codec signal 
15 thereinto to the wireless terminal 1101-1 while encapsulating the 
compressed Ethernet ® frame into a wireless LAN frame. 

Fig. 15 is a conceptual view illustrating the important sections of the 
wireless terminal 1101 related to the seventh embodiment. Referring to 
Fig. 15, the wireless terminal 1101 includes a wireless network interface 
20 section 1211, a compression request transmission section 1212, a restoration 
section 1213, a header comparison section 1214, a header storage section 

1215, and a network driver interface API (Application Program Interface) 

1216. The wireless network interface section 1211 receives the wireless 
LAN frame from the access point device 1104. As will be described later, 

25 the header comparison section 1214 makes a predetermined comparison 
related to headers and the like, and determines whether to start 
compressing Ethernet ® frames based on the comparison result. The 
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header storage section 1215 stores the IP header and the UDP header 
encapsulated into the present Ethernet ® frame if the header comparison 
section 1214 determines .to start compressing Ethernet ® frames. The 
compression request transmission section 1212 transmits a compression 

5 request accompanied with designation of an IP address (in the IP header), a 
protocol address (in the IP header), and a port number (in the UDP header) 
to the control section 1203 of the access point device 1104. The restoration 
section 1213 adds the IP header and the UDP header stored in the header 
storage section 1215 to a region in front of the codec signal in the 

10 compressed Ethernet ® frame, thereby restoring the IP packet. The 

network driver interface API 1216 hands over the restored IP packet to a 

higher level layer. 

Fig. 16 is a sequence diagram illustrating the operations of the 
wireless terminal 1101-1, the access point device 1104, and the wired 

15 network equipment 1105 in the seventh embodiment. Referring to Fig. 16, 
the wired network equipment 1105 regularly transmits ordinary Ethernet ® 
frames 1601-1 to 1601-4 to the access point device 1104. The access point 
device 1104 transfers the ordinary Ethernet ® frames 1601-1 and 1601-2 to 
the wireless terminal 1101-1 as ordinary Ethernet ® frames 1602-1 and 

20 1602-2. In addition, the header comparison section 1214 of the wireless 

terminal 1101-1 recognizes the reception of the ordinary Ethernet ® frames 
1602-1 and 1602-2 each of which encapsulates thereinto a codec signal. 
Accordingly, the header storage section 1215 of the wireless terminal 1101-1 
stores the IP header and the UDP header stored in the Ethernet ® frame 

25 1602-2, and the compression request transmission section 1212 transmits a 
compression request (compression REQ) 1603 accompanied with designation 
of the IP address (in the IP header), the protocol number (in the IP header) 
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and the port number (in the UDP header) described in the Ethernet ® frame 
1602-2 to the access point device 1104. In response to the compression 
request 1603, the control section 1203 of the access point device 1104 
transmits a compression acknowledgement (compression ACK) 1604 to the 

5 wireless terminal 1101-1. Thereafter, the compression section 1202 of the 
access point device 1104 compresses the ordinary Ethernet ® frames 1601-3 
and 1601-4, and the wireless network interface section 1204 of the access 
point device 1104 transmits compressed Ethernet ® frames 1605-1 and 
1605-2 to the wireless terminal 1101-1. In the wireless terminal 1101-1, 

10 the header comparison section 1214 detects that the IP header is not 
present in the head of the payload of each Ethernet ® frame or, if the 
compression section 1202 locally uses a slot for the type of the Ethernet ® 
header of the compressed Ethernet ® frame and sets an identifier for 
identifying that the frame is the compressed Ethernet ® frame in the slot, 

15 the header comparison section 1214 detects the identifier, thereby 

recognizing the compressed Ethernet ® frames 1605-1 and 1605-2. If so, 
the restoration section 1213 inserts the IP header and the UDP header 
stored in the header storage section 1215 into each of the compressed 
Ethernet ® frames 1605-1 and 1605-2, thereby obtaining a restored IP 

20 packet. 

Fig. 17 illustrates the formats of the ordinary Ethernet ® frames 
1601 and 1602 and the format of the compressed Ethernet ® frame 1605. 
The ordinary Ethernet ® frames 1601 and 1602 are based on the standard. 
The IP header of each ordinary Ethernet ® frame includes an identifier (ID) 
25 which occupies 33 rd to 48 th bits. This identifier varies from Ethernet ® 

frame to Ethernet ® frame. For this reason, the identifier cannot be stored 
in the header storage section 1215 and restored by the restoration section 
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1213. Therefore, the compression section 1202 extracts this identifier from 
the IP header and, as shown in Fig. 17, inserts the extracted identifier into 
the payload of the compressed Ethernet ® frame 1605. The restoration 
section 1213 extracts the identifier inserted into the payload whenever the 
5 wireless terminal receives the compressed Ethernet ® frame 1605, inserts 
the extracted identifier into the IP header stored in the header storage 
section 1215, adds the IP header into which the identifier is inserted as well 
as the UDP header to a region in front of the codec signal, thereby restoring 
the IP packet. However, if the compressed Ethernet ® frame 1605 is not 
10 retransmitted between the access point device 1104 and the wireless 

terminal 1101-1, the wireless terminal 1101-1 may reproduce an individual 
pseudo-identifier. In that case, the identifier is not inserted into the 
compressed Ethernet ® frame 1605. 

The first-half 12 bytes of the codec signal are for an RTP header and 
15 a sum of the 12 bytes and the bytes of a CSRC (Contribution Source 

Identifier) is 20 bytes. In case of a G.729 codec, the second-half ten bytes of 
the codec signal are for actual data. The number of bytes for the actual 
data changes according to the payload header. 

If receiving at least two Ethernet ® frames equal in sender IP 
20 address, destination IP address, protocol number, sender port number, and 
destination port number, then the header comparison section 1215 
determines to start compressing the Ethernet ® frame. Alternatively, the 
header comparison section 1215 may determine whether to start 
compressing the Ethernet ® frame by checking a value, pattern, or sequence 
25 of at least one of a sender MAC address, a destination MAC address, an 

RTP header, an RTCP, the SIP header for VoIP, an H.248 (MEGACO) header, 
an H.323 header, an HTML (Hyper Text Markup Language) header, an 
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SNMP (Simple Network Management Protocol) header, and a COPS 
(Common Open Policy Service). 

Furthermore, the header comparison section 1214 may determine 
whether the Ethernet ® frame includes the UDP header and the RTP 
5 header while ignoring the IP header of the frame. If the Ethernet ® frame 
includes these headers, the header comparison section 1214 stores the 
Ethernet ® header, IP header (except for the identifier), the UDP header, 
and the RTP header of the Ethernet ® frame including the UDP header and 
the RTP header. If the terminal receives the Ethernet ® frame having an 
10 Ethernet ® header, an IP header (except for the identifier), a UDP header, 
and an RTP header equal to the stored headers, the header comparison 
section 1214 specifies an IP address, a protocol number, and a port number 
included in the received Ethernet ® frame, thereby determining to start 
compressing the Ethernet ® frame. Further, the header comparison 
15 section 1214 may determine whether the Ethernet ® frame includes the 

RTP header while ignoring the IP header and the UDP header of the frame. 
If the Ethernet ® frame includes the RTP header, the header comparison 
section 1214 stores the Ethernet ® header, the IP header (except for the 
identifier), the UDP header, and the RTP header of the Ethernet ® frame 
20 including the RTP header. If the terminal receives the Ethernet ® frame 
having an Ethernet ® header, an IP header (except for the identifier), a 
UDP header, and an RTP header (except for a timestamp and a sequence 
number) equal to the stored headers, the header comparison section 1214 
may specify an IP address, a protocol number, and a port number included 
25 in the received Ethernet ® frame, thereby determining to start compressing 
the Ethernet ® frame. Furthermore, the header comparison section 1214 
may assume that the Ethernet ® frame includes the RTP header by 
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determining that the Ethernet ® frames have the same sender IP, the same 
destination IP, and the same UDP port number. The header comparison 
section 1214 may grasp a port number while checking RTP path setting 
information on the H.323, SIP or H.248 header, and determine to start 
5 compressing Ethernet ® frames based on the sender IP address, the 

destination IP address, and the grasped port number (in the UDP header) of 
each frame. 

The control section 1203 of the access point device 1104 causes the 
compression section 1202 to end the compression of the Ethernet ® frame 

10 when, for example, the Ethernet ® frame including the header(s) to be 

deleted by the compression section 1202 does not arrive for predetermined 
time. Alternatively, the control section 1203 may cause the compression 
section 1202 to end the compression of the Ethernet ® frames when the 
wireless terminal 1101-1 logs in the access point device 1104 again. The 

15 wireless terminal is notified of the end of the compression by a 
predetermined disconnecting packet. 

Alternatively, the control section 1203 may cause the compression 
section 1202 to end the compression of the Ethernet ® frame when an 
overload, a reset, or the like occurs. 

20 While the example of transmitting voice or moving picture data 

according to the RTP has been described above, the invention can be also 
applied to the transmission of the voice or moving picture data according to 
other protocols. Furthermore, the present invention can be applied to the 
transmission of cyclic data transmitted according to the RTP or other 

25 protocols. 

In the above description, the compression request signal includes the 
designation of the IP address, the protocol number, and the port number, 
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and the compression section 1202 compresses the Ethernet ® frame having 
the designated IP address, protocol number and port number. Alternatively, 
the compression section 1202 may detect the MAC address of the wireless 
terminal which transmits a compression request signal, search an ordinary 
Ethernet ® frame addressed to the MAC address and including the latest 
codec signal, and thereby compress a future ordinary Ethernet ® frame 
having an IP address, a protocol number, and a port number equal to those 
included in the searched ordinary Ethernet ® frame. 
[EIGHTH EMBODIMENT] 

According to the related art, the access point device 1104 transfers 
ordinary Ethernet ® frames to the wireless terminal 1101-1 as they are. In 
addition, according to the related art, the number of Ethernet ® frames 
which one wireless LAN frame can include is one and the number of 
wireless LAN frames which one access point device can transmit per unit 
time is limited to a predetermined number or less. Due to this, 
conventionally, if the number of bytes of a codec signal included in the 
Ethernet ® frame transmitted from the wired network equipment to the 
access point device is small, the wireless bandwidth of the wireless LAN 
system cannot be effectively utilized. In case of the VoIP, in particular, 
since the number of bytes included in one codec signal is small, this 
disadvantage is conspicuous. The eighth embodiment of the present 
invention is intended to solve this disadvantage. 

Fig. 18 is a sequence diagram illustrating the operations of the 
wireless terminal 1101- 1, the access point device 1104, and the wired 
network equipment 1105 in the eighth embodiment according to the present 
invention. Referring to Fig. 18, the wired network equipment 1105 
sequentially transmits ordinary Ethernet ® frames 1611-1 to 1611-6 
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addressed to the wireless terminal 1101- 1, to the access point device 1104. 
The access point device 1104 transfers the ordinary Ethernet ® frames 
1611-1 and 1611-2 to the wireless terminal 1101-1 as ordinary Ethernet ® 
frames 1612-1 and 1612-2, respectively. In addition, the header 
comparison section 1214 of the wireless terminal 1101-1 recognizes the 
reception of the ordinary Ethernet ® frames 1612-1 and 1612-2 each of 
which encapsulates a codec signal thereinto. Accordingly, the header 
storage section 1215 of the wireless terminal 1101-1 stores the IP header 
and the UDP header described in the Ethernet ® frame 1612-2, and the 
compression request transmission section 1212 transmits a compression 
request (compression REQ) 1613 to the access point device 1104. In 
response to the compression request 1613, the control section 1203 of the 
access point device 1104 transmits a compression acknowledgement 
(compression ACK) 1614 to the wireless terminal 1101-1. Thereafter, the 
compression section 1202 of the access point device 1104 directly inserts 
codec signals included in the ordinary Ethernet ® frames 1611-3, 1611-4, 
1611-5, and 1611-6 into the payload of one Ethernet ® frame without 
interposition of an IP packet and a UDP packet to generate a compressed 
Ethernet ® frame 1615, and transmits the compressed Ethernet © frame 
1615 to the wireless terminal 1101- 1. In the wireless terminal 1101- 1, the 
header comparison section 1214 detects that an IP header is not present in 
the head of the payload of the Ethernet ® frame or, if the compression 
section 1202 locally uses a slot for the type of the Ethernet ® header of the 
compressed Ethernet ® frame and sets an identifier for identifying that the 
frame is the compressed Ethernet ® frame in the slot, the header 
comparison section 1214 detects the identifier, thereby recognizing the 
compressed Ethernet ® frame 1615. If so, the restoration section 1213 
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inserts the IP header and the UDP header stored in the header storage 
section 1215 into the compressed Ethernet ® frames 1615, thereby 
obtaining a restored IP packet. 

The retransmission control such as retry may be specially intensified 

5 for the compressed Ethernet ® frame. 

Fig. 19 illustrates the formats of the ordinary Ethernet ® frames 
1611-3 to 1611-6 and the format of the compressed Ethernet ® frame 1615. 
The IP header of each ordinary Ethernet ® frame includes an identifier (ID) 
which occupies 33 rd to 48 th bits. This identifier varies from Ethernet ® 

10 frame to Ethernet ® frame. Due to this, the identifier cannot be stored in 
the header storage section 1215 and restored by the restoration section 1213. 
Therefore, the compression section 1202 extracts this identifier from the IP 
header and, as shown in Fig. 19, inserts the extracted identifier into the 
payload of the compressed Ethernet ® frame 1615. The restoration section 

15 1213 extracts the identifier inserted into the payload whenever the wireless 
terminal receives the compressed Ethernet ® frame 1615, inserts the 
extracted identifier into the IP header stored in the header storage section 
1215, adds the IP header into which the identifier is inserted as well as the 
UDP header to a region in front of the codec signal, thereby restoring four IP 

20 packets. However, if the compressed Ethernet ® frame 1605 is not 
retransmitted between the access point device 1104 and the wireless 
terminal 1101-1, the wireless terminal 11011 may reproduce an individual 
pseudo-identifier individual. In that case, the identifier is not inserted into 
the compressed Ethernet ® frame 1615. 

25 In the eighth embodiment, the number of Ethernet ® frames 

transmitted from the access point device 1104 can be decreased. From 
another point of view, the number of bytes of a codec signal included in one 
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wireless LAN frame can be increased. In the eighth embodiment, therefore, 
the wireless bandwidth of the wireless LAN system can be effectively 
utilized. 

[NINTH EMBODIMENT] 

In the seventh and eighth embodiments, the example in which one 
wireless terminal 1101-1 receives codec signals has been described. In the 
ninth embodiment, a plurality of wireless terminals 1101-1 to 1101-4 receive 
codec signals as shown in Fig. 20. 

Fig. 21 is a sequence diagram illustrating operations in the ninth 
embodiment. Referring to Fig. 21, the wired network equipment 1105 
transmits an ordinary Ethernet ® frame 1626-1 addressed to the wireless 
terminal 1101-1, an ordinary Ethernet ® frame 1626 2 addressed to the 
wireless terminal 1101-2, an ordinary Ethernet ® frame 1626-3 addressed to 
the wireless terminal 1101-3, and an ordinary Ethernet ® frame 1626-4 
addressed to the wireless terminal 1101-4, to the access point device 1104 in 
this order. Thereafter, the access point device 1104 broadcasts or 
multicasts a compressed Ethernet ® frame 1627 into which codec signals 
included in the Ethernet ® frames 1626-1 to 1626-4 are encapsulated, to 
each of the wireless terminals 1101-1 to 1101-4. 

Fig. 22 illustrates the formats of the ordinary Ethernet ® frames 
1626-1 to 1626-4 and the format of the compressed Ethernet ® frame 1627. 
The ordinary Ethernet ® frames 1626-1 to 1626-4 are based on the standard. 
Identifiers of IP headers and codec signals included in the respective 
ordinary Ethernet ® frames 1626-1 to 1626-4 are directly inserted into the 
payload of the compressed Ethernet ® frame 1627 without interposition of 
an IP packet and a UDP packet. If the wireless terminals 1101-1 to 1101-4 
reproduces individual pseudo-identifiers, the identifiers may be deleted from 



35 



the compressed Ethernet ® frame 1627. 

The slot numbers of codec signals related to compression are 
inserted into a compression acknowledgement (compression ACK) 
transmitted from the access point device 1104 to the wireless terminal 
5 which have transmitted a compression request to the access point device 
1104, whereby the wireless terminal can identify the position of the codec 
signal addressed to the wireless terminal based on the slot number of the 
codec signal. In addition, even if the wireless terminal holds two or more 
communications using the compressed Ethernet ® frame through different 
10 ports, the wireless terminal can identify these communications based on the 
slot numbers of the codec signals. This is because the codec signals for the 
communications using the different ports are inserted into the different 
slots. In the example of Fig. 22, the slot numbers are numbered 1 to 4 for 
the codec signals addressed to the wireless terminals 1101-1 to 1101-4, 
15 respectively. Alternatively, offsets indicating slot positions may be used in 
place of the slot numbers. 

For example, if the ordinary Ethernet ® frame 1626-1 arrived one 
cycle before (before the access point device 1104 transmitted a compressed 
Ethernet ® frame preceding the compressed Ethernet ® frame 1627) due to 
20 a jitter, two codec signals addressed to the wireless terminal 1101-1 are 
inserted into the compressed Ethernet ® frame which arrives one cycle 
before and not inserted into the compressed Ethernet ® frame 1627. If two 
codec signals addressed to the same wireless terminal using the same port 
are inserted into one compressed Ethernet ® frame, a series of codec signals 
25 are inserted as usual into the payload of the compressed Ethernet ® frame 
and pairs of the codec signals addressed to the wireless terminal and slot 
numbers in a normal case are added to the end of the payload, for example. 
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If codec signals addressed to a certain wireless terminal are not inserted 
into the compressed Ethernet ® frame, bits of all the codec signals are set at 
nulls, for example. 

Only a maximum of 1500 bytes of data can be inserted into one 
5 Ethernet ® frame. However, if the number of bytes including those for the 
codec signals addressed to all the wireless terminals exceeds 1500 because 
of an increase in the number of wireless terminals connected to the access 
point device 1104 or the like, the codec signals addressed to all the wireless 
terminals are transmitted using a plurality of compressed Ethernet ® 
10 frames. In this case, division codes, the frame numbers of divided 

compressed Ethernet ® frames, and the like are described in the payload of 
the respective divided compressed Ethernet ® frames so that each terminal 
can recognize that the codec signals are divided according to the plural 
compressed Ethernet ® frames and transmitted thereto. 
15 In the ninth embodiment, the number of Ethernet ® frames 

transmitted from the access point device 1104 can be decreased. From 
another point of view, the number of bytes of a codec signal input into one 
wireless LAN frame can be increased. Therefore, in the ninth embodiment, 
the wireless bandwidth of the wireless LAN system can be effectively 
20 utilized. 

[TENTH EMBODIMENT] 

In the tenth embodiment, an example in which one wireless terminal 
1101-1 transmits a codec signal to the wired network device 1105 through 
the access point device 1104 as shown in Fig. 23 will be described. 
25 Fig. 24 is a conceptual view illustrating the important sections of the 

wireless terminal 1101 related to the tenth embodiment. Referring to Fig. 
24, the wireless terminal 1101 includes a compression section 1221, a 
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header comparison section 1222, and a restoration request transmission 
section 1223 as well as the wireless network section 1211 and the network 
driver interface API 1216 shown in Fig. 15. The network driver interface 
API 1216 receives an IP packet including a codec signal from a higher level 
layer. The compression section 1221 generates a compressed Ethernet ® 
frame based on the IP packet input from the network driver interface API 
1216. The wireless network interface section 1211 transmits a wireless 
LAN frame including the Ethernet ® frame to the access point device 1104. 
The header comparison section 1222 makes a predetermined comparison 
related to the headers of the IP packet input from the network driver 
interface API 1216 or the like, and determines whether to start or end the 
compression of the Ethernet ® frame based on the comparison result. The 
restoration request transmission section 1223 transmits a restoration 
request (restoration REQ) to the access point device 1104 if the header 
comparison section 1222 determines to start the compression of the 

Ethernet ® frame. 

Fig. 25 is a conceptual view illustrating the important sections of the 
access point device 1104 related to the tenth embodiment. Referring to Fig. 
25, the access point device 1104 includes a restoration section 1231, a 
header storage section 1232, and a control section 1233 in addition to the 
wired network interface section 1201 and the wireless network interface 
section 1204 shown in Fig. 14. The wireless network interface section 1204 
receives the wireless LAN frame including the Ethernet ® frame from 
wireless terminal 1101. The restoration section 1231 restores the 
compressed Ethernet ® frame input from the wireless network interface 
section 1204 into an ordinary Ethernet ® frame using the IP header and the 
UDP header stored in the header storage section 1232. The wired network 
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interface section 1201 transmits ordinary Ethernet ® frames to the wired 
network device 1105. The control section 1233 transmits a restoration 
acknowledgement (restoration ACK) in response to the restoration request 
received from the restoration request transmission section 1223 of the 
wireless terminal 1101. If there is a restoration request, the control section 
1233 issues to the header storage section 1232 a request to store the IP 
header and the UDP header of the Ethernet ® frame input from the wireless 
network interface section 1204. The header storage section 1232 stores the 
IP header and the UDP header of the Ethernet ® frame input from the 
wireless network interface section 1204 in response to the request from the 

control section 1233. 

Fig. 26 is a sequence diagram illustrating the operations of the 
wireless terminal 1101-1, the access point device 1104, and the wired 
network equipment 1105 in the tenth embodiment. Referring to Fig. 26, 
the wireless terminal 1101-1 encapsulates ordinary Ethernet ® frames 
1631-1 and 1631-2 into respective wireless LAN frames and transmits the 
wireless LAN frames to the access point device 1104. The access point 
device 1104 transfers the ordinary Ethernet ® frames 1631-1 and 1631-2 to 
the wired network equipment 1105 as ordinary Ethernet ® frames 1632-1 
and 1632-2. Next, if the header comparison section 1222 of the wireless 
terminal 1101-1 detects that codec signals are included in the respective 
ordinary Ethernet ® frames 1631-1 and 1631-2 similarly to the header 
comparison section 1214, the restoration request transmission section 1223 
of the wireless terminal 1101-1 transmits a restoration request (restoration 
REQ) 1633 to the access point device 1104. If the control section 1233 of 
the access point device 1104 receives the restoration request 1633, the 
control section 1233 stores an IP header and a UDP header included in the 
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ordinary Ethernet ® frame 1631-2 in the header storage section 1232, and 
transmits a restoration acknowledgement (restoration ACK) 1634 to the 
wireless terminal 11011. Thereafter, if the compression section 1221 
receives four IP packets including codec signals from the network driver 
5 interface API 1216, the compression section 1221 generates a compressed 
Ethernet ® frame 1635 including the codec signals included in the four IP 
packets and transmits the compressed Ethernet ® frame 1635 to the access 
point device 1104. When the access point device 1104 receives the 
compressed Ethernet ® frame 1635, the restoration section 1231 of the 
10 access point device 1104 restores four ordinary Ethernet ® frames 1636-1 to 
1636-4 using the IP header and the UDP header stored in the header 
storage section 1232, and sequentially transmits the restored ordinary 
Ethernet ® frames 1636-1 to 1636-4 to the wired network equipment 1105. 
Fig. 27 illustrates the formats of the compressed Ethernet ® frame 
15 1635 and the restored ordinary Ethernet ® frames 1636-1 to 1636-4. Four 
pairs of identifiers and codec signals are directly inserted into the payload of 
the compressed Ethernet ® frame 1635 without interposition of the IP 
packet and the UDP packet. The four identifiers in the the compressed 
Ethernet ® frame 1635 were originally included in the IP headers of the 
20 respective four IP packets input to the compression section 1221 from the 
network driver interface API 1216. The four codec signals in the the 
compressed Ethernet ® frame 1635 were originally included in UDP packets 
included in the respective four IP packets input to the compression section 
1221 from the network driver interface API 1216. The ordinary Ethernet ® 
25 frames 1636-1 to 1636-4 are based on the standard. The four pairs of 

identifiers and codec signals included in the compressed Ethernet ® frame 
1635 are distributed to the four ordinary Ethernet ® frames 1636-1 to 
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1636-4. 

If the compressed Ethernet ® frame 1635 is not retransmitted 
between the access point device 1104 and the wireless terminal 1101-1, the 
access point device 1104 may generate individual pseudo-identifiers. In 
5 that case, the identifiers are not inserted into the compressed Ethernet ® 
frame 1635. 

In the example of Figs. 26 and 27, the four codec signals are inserted 

into one compressed Ethernet ® frame. Generally, however, one or more 

codec signals are inserted into one compressed Ethernet ® frame. In 
10 addition, codec signals in the IP packets which the compression section 1221 

receives within predetermined time may be inserted into one compressed 

Ethernet ® frame 1635 instead of specifying the number of codec signals 

inserted into one compressed Ethernet ® frame. 

In the tenth embodiment, the number of Ethernet ® frames 
15 transmitted from the wireless terminal 1101 to the access point device 1104 

can be decreased. From another point of view, the number of bytes of a 

codec signals inserted into one wireless LAN frame can be increased. 

Therefore, in the tenth embodiment, the wireless bandwidth of the wireless 

LAN system can be effectively utilized. 
20 As described so far, the present invention can compensate for a lost 

packet in the simultaneous packet transmission over the wireless LAN 

which does not have a retransmission mechanism. 

Further, the invention can compensate for a lost packet without a 

delay in the real-time communication using the VoIP or the like for which a 
25 delay in packet arrival is undesirable. 

Moreover, the invention can improve packet transmission efficiency 

by unifying packets addressed to a plurality of terminals. 
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